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There is nothing like a well mounted attack on a long pre•
sumed truth to shake our complacency and further open our 
minds, Nonetheless we must refrain from uncritically em•
bracing new ideas, however exciting, until we ha:e fully 
appreciated the extent of their implications, In t~IS Issue of 
the Journal (I) there appears the latest of a senes of pub•
lications from the Calgary group in which they put forward 
their views on the subject of how, and how much, the 
pericardium constrains the heart. 
The argument is compellingly simple, beginning with the 
hypothesIs that pericardial restrainmg pressure must equal 
the change in cardiac chamber diastolic pressure measured 
before and immediately after opening the pericardium with•
out allowing change in chamber volume, and ending with 
the observation that this theoretical pericardial pressure can 
be measured by an intrapericardial balloon, but i~ grossly 
underestimated by an intrapericardial catheter. They go on 
to show that intrapericardial pressure, so far from being 
negative and almost the same as intrathoracic pressu.re, is 
positive and is almost the same as right atrial a~d ventncular 
mid-diastolic pressure. If we have been deceived all these 
decades it is because, as cardiologists, we are accustomed 
to measuring pressure either with a liquid-filled catheter•
transducer system or with a micromanometer-tipped cath•
eter. Such systems are ideal for measuring fluid (liquid or 
gaseous) pressure, but Smiseth et aI. (I) challenge their, use 
to measure the pressure exerted between the surfaces of the 
heart and pericardium, Liquid-tilled catheter-tran~ducer sys•
tems measure lateral pressure, which is identical at all points 
in a chamber; micromanometers measure this plus the con•
tribution of gravity to hydrostatic pressure. Smiseth et aI. 
contend that normally the volume of pericardial fluid is so 
small that the heart and pericardium are in contact so that 
there is no space in which to measure lateral pressure in 
liquid. This being so, a device that measures the surface 
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contact pressure between the heart and pericardium is called 
for. Smiseth et al. provide it in the form of a flat, relatively 
large unstressed calibrated balloon slipped between the peri•
cardium and heart by way of a transverse incision at the 
hase of the pericardium, but they concede that it violates 
the almost unattainable principle of nondestructive testing: 
the measuring device should not alter the variable it measures. 
Pathophysiologic implications. That pericardial and right 
atrial pressures are the same has far-reaching consequences 
for normal cardiovascular physiology and even greater con•
sequences for the pathophysiology of heart failure. If it is 
true, we must begin to accustom ourselves to thinking that 
there are almost nonexistent transmural diastolic pressures 
in the right heart chambers over a wide range of right heart 
pressures and volumes and, even more startling, that we 
can arrive at left ventricular diastolic transmural pressure 
simply by subtracting right atrial from left ventricular di•
astole pressure. 
In cardiac tamponade, pericardial pressure recorded from 
a fluid-filled catheter and that recorded by balloon are iden•
tical, because the cardiac and pericardial surfaces are sep•
arated by a substantial volume of liquid. Thus the challenge 
by the Calgary group does not apply to studies of severe 
cardiac tamponade. It is, however, relevant to low pressure 
tamponade, in which pericardial and right atrial pressures 
are modestly elevated and equal to each other, but lower 
than left atrial pressure. It also applies to the effects of 
pericardiocente~is on hemodynamics, pericardial pressure 
and cardiac dimensions. During pericardiocentesis, peri•
cardial and atrial pressures initially decrea~e together, but 
as more fluid is evacuated, a breakpoint develops that is 
characterized by divergence of a continually falling peri•
cardial pressure from a steady right atrial pressure and ab•
sence of further hemodynamic improvement. However, if 
pericardial contact pressure is substituted for conventionally 
measured pressure, right atrial and pericardial pressures do 
not diverge but remain equal and level during removal of 
the residual pericardial effusion. According to Smiseth et 
al., when pericardialliquid pressure begins to diverge from 
right atrial and pericardial balloon pressure, left ventricular 
diastolic transmural pressure has arrived at it~ maximum, 
and therefore hemodynamic improvement is maximal. 
Possible limitations. A number of nagging questions 
remam. We need to appreciate that the normal pericardium 
operates on the flat portion of its stress-strain relation so 
that small pericardial pressure changes associated with large 
changes of pericardial or cardiac volume may be difficult 
or impos~ible to measure with current techniques. Further•
more. the left ventricle is constrained hy the right ventricle 
and lungs in addition to the pericardium. Finally, pressure 
alone may be an inadequate measure of pericardial con•
~trall1t: the relative importance of regional difference~ in 
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pericardial structure, mechanical properties, angle of cur•
vature and transpericardial forces will remain unknown until 
the relevant experiments have been perfonned. We do not 
even know for certain that the truly intact pericardium of a 
healthy human subject does not contain enough fluid to 
functionally disengage the pericardial from the cardiac sur•
face. If this were so, not only would liquid and surface 
pericardial pressures be equal, but also regional differences 
in pericardial constraint could not exist. It should also be 
noted that, although pericardial surface pressure in the dog 
is equal to pericardial liquid pressure when the pericardial 
sac contains 30 or more ml of fluid but is 5 to 10 mm Hg 
higher when the sac is empty, this difference rapidly di•
minishes when small amounts of fluid are infused into the 
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pericardial cavity. Thus, the difference between these two 
measures of pericardial pressure as presented by the Calgary 
group may represent the extreme case. This is not to deny 
that this group has made a fundamental contribution and, 
as a consequence, whatever the solutions to the remaining 
problems, pericardial physiology and pathophysiology and 
the closely related subject of cardiac diastolic function will 
never be quite the same. 
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